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The Optimum Colloid Osmotic Pressure for Lung Preservation

———A hyperoncotic solution which contains a high concentration of hydroxyethyl starch (HES) prevents pulmonary

edema during preservation and reperfusion periods in hypothermic canine lung preservation

Masashi MURAOKA

The First Department of Surgery, Nagasaki University School of Medicine

The optimum hydroxyethyl starch (HES) concentration
and colloid osmotic (oncotic) pressure were determined for
lung preservation. The lungs of twenty-five mongrel dogs
were isolated and flushed with one of four different solutions
and stored at 4-6 °C for 24 hours. The lungs of each group were
flushed and cold-stored as follows: Group 1 with Modified-
Collins (CM) solution (n=6); Group 2, CM + 3 % HES
(n=6); Group 3, CM +6 % HES (n=8); Group 4, CM + 9 %
HES (n=5). After the hypothermic period, the isolated left
lung was reperfused for 120 min.

During reperfusion, the airway pressure (AWP) in Group
4 was significantly lower than in Groups 1 or 3. Static lung
compliance (Cst) in Groups 2 and 4 was apparently higher
than that in Group 1. Pulmonary vascular resistance (PVR)
in Group 4 was significantly lower than in Group 1 through-
out the reperfusion period.

The wet to dry ratios (W/D) before perfusion in Group 1
(6.52%0.55) and in Group 2 (6.05:0.74) were significantly
higher than before preservation (5.19%0.21). The W/Ds after
reperfusion in Group 3 (6.82+0.78) and Group 4 (7.04+1.22)
were significantly lower than that in Group 1 (9.40+2.09).

In conclusion, a hyperoncotic solution which contains a
high concentration of HES is useful for hypothermic canine
lung preservation because it prevents pulmonary edema
during both preservation and reperfusion periods.

INTRODUCTION

The University of Wisconsin (UW) solution has been
found to preserve effectively in vitro the lungs of experi-
mental animals ", and has been applied widely in clinical
kidney ®, pancreas”® and liver ?® transplantation.

The UW solution contains the colloid HES (hydroxyethyl
starch), which exerts colloid osmotic (oncotic) pressure
and prevents interstitial edema'®™ and endothelial
damage . Recently, however, it was reported that HES
can be eliminated from the UW solution without detriment
in the cold storage of kidneys and livers®~*. However, a
higher concentration of oncotic agents in the flush-out and
cold-storage solutions may be required to prevent fluid
from entering the alveolar space®.

In the present study, the efficacy of HES was evaluated

and determined its optimum concentration for lung
preservation in the isolated lung perfusion model .

MATERIALS AND METHODS -

Twenty-five adult mongrel dogs weighing 8-13 kg were
anesthetized with intravenous pentobarbital (0.5 ml/kg of
body weight) and intubated. The dogs were ventilated with
100 9% oxygen using a Harvard ventilator set at a tidal
volume of 35 ml/(kg of body weight) and a rate of 14
cycles/min. Median sternotomy was performed, 5000 units
of heparin sodium was administered intravenously, and
both lungs were removed en block with the heart. A
poly-ethylene canula was secured in the main pulmonary
artery. A 9.0 mm cuffed endotracheal tube was inserted
through the trachea and ventilated with room air at the
same volume and rate. The lungs were flushed with 500 ml
of one of four different solutions at 4-6°C through the
main pulmonary artery. The mean PA flush pressure was
monitored continuously and the flush time was recorded.
Then, both lungs were inflated with room air to end-tidal
volume, placed in a plastic box filled with each solution,
and stored in a refrigerator at 4-6 “C for 24 hours.

The mongrel dogs were assigned to one of four groups
which differed in the flush solution used. In Group 1
(n=6), lungs were flushed with modified-Collins solution
(ROUSSEL MORISHITA CO., LTD. OSAKA JAPAN), in
Group 2 (n=6) with Modified-Collins solution + 3 %
Hydroxyethyl starch (AJINOMOTO CO., INC. TOKYO),
in Group 3 (n=8) with Modified-Collins solution + 6 %
Hydroxyethyl starch, and in Group 4 (n=5) with
Modified-Collins solution + 9 % Hydroxyethyl starch.
One mM allopurinol and 3mM glutathione, the same
concentrations used in the UW solution, were added to
each solution as oxygen free radical scavengers.

There was no significant difference in the concenration
of potassium (85.6 4.5 mmol/l) or sodium (18.4+4.4
mmol/1) or pH (7.2920.06 at room temperature) among
the four experimental solutions. The viscosity of each
solution was 1.35%£0.04 cp in Group 1, 2.28+0.13 cp in
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Group 2, 4.30£0.03 cp in Group 3, and 6.34+0.05 cp in
Group 4.

After a hypothermic period, the right main pulmonary
artery and right main bronchus were ligated to isolate the
left lung. The isolated left lung was reperfused for 120
min. An arterial canula was connected to a circuit contain-
ing a reservoir primed with fresh allogeneic blood which
had been drawn from a femoral vessel and stored in
citrate-phosphate-dextrose. The number of white blood
cells in the perfusate was counted before and during the
reperfusion period. The pulmonary vein was left open so as
to allow the lung perfusion to drain freely into the reser-
voir. The left lung was ventilated with room air at a tidal
volume of 20 ml/kg of body weight and a rate of 10 cycles
/min. The perfusion was pumped continuously with a
roller pump and maintained at 37 °C in a small
temperature-controlled bath. A small cannula within the
pulmonary artery and bronchial cannula were connected to
pressure transducers and a recorder permitted continuous
monitoring of pulmonary arterial pressure (PAP) and
airway pressure (AWP). The flow rate was measured with
a pneumotachograph. Pulmonary venous pressure was set
at 0 mmHg by adjusting the height of the apex of the
lungs. The pulmonary flow rate was maintained at 10 ml/
kg/min. Pulmonary vascular resistance (PVR) was calcu-
lated as pulmonary arterial pressure/flow rate (mmHg/1/
min), and static lung compliance (Cst, effective lung
compliance) as flow -rate/pressure (ml/emH.0), at 1.2
seconds into the end-inspiratory plateau. Blood gas analy-
sis of the pulmonary venous perfusate was performed.
Lungs were weighed before perfusion (after preservation
for 24 hours) and after reperfusion. Then, the lungs were
placed in a desiccator at 160 °C for 48 hours after which
they were again weighed. The wet to dry ratio (W/D) was
calculated as the wet lung weight divided by the dry lung
weight.

The data were compared among the groups using the
unpaired -Wilcoxon test. Any p-value of less than 0.05 was
considered significant.

RESULTS

The white blood cell count in every group decreased
significantly after several minutes of reperfusion and
remained at the same level throughout the reperfusion
period. The PaQ. did not differ significantly among the
four groups. Mean pulmonary flush pressures (MFP) and
flush times in each group are shown in Table 1. The MFP
in Group 2 was significantly higher than in Group 1. There
was no significant difference in MFP between Groups 3
and 4, and Group 3 had a significantly higher MFP than
did Group 1 (p<{0.05) or Group 2 (p<<0.01). The MFP in
Group 4 was significantly higher than that in Group 1. The
flush time in Group 2 was significantly longer than in
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Table 1. Pulmonary Flush Parameters (mean *+SD)

Mean Pulmonary flush pressure (MFP) increases as the
HES concentration rises, however there was no significant
difference in MFP between groups 3 and 4. Flush time
increased as the HES concentration rose.

Mean Flush Flush
Pressure(MFP) Time
(mmHg) (min)
CM 3.67 18.0
(group 1) +0.68 £3.5
CM+HES3% 4.92 26.5
(group 2) +1.11 +3.6
CM+HES6% 6.80 35.3
(group 3) +0.91 6.5
CM+HES9% 5.88 53.7
(group 4) +1.52 £7.0
group 1 vs 2 group 1 vs 2,31
group 1 vs 3]p<0,05 group 2 vs 3,4 :tp<().01
group 1 vs4— - group 3 vs 4
group 2 vs 3_)p<0.01
IFootnotes
CM: Modified-Collins solution
1TES: Hydroxyethyl Starch
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Fig 1. Airway Pressure (AWP) during Reperfusion
The AWP in group 4 was significantly lower than in group
1 or 3 after 60,90, and 120 min of reperfusion.

Group 1, and that in Group 3 was also significantly longer
than in Group 2. The flush time in Group 4 was 53.7 7.0
min, which was significantly longer than in the other three
groups (vs Groups 1, 2, 3; p<{0.01). The flush times in the
four groups increased as the HES concentration was
increased.

The airway pressures (AWP) in each group are shown in
Fig.1. The AWP in Group 4 was significantly lower than in
Group 1 or 3 after 60, 90 and 120 min of reperfusion
(p<0.05), and was lower, but not significantly, than in
Group 2 after 60, 90 and 120 min. Static lung compliance
(Cst) in every group decreased gradually (Fig.2). In
Groups 2 and 4, however, it was apparently higher than
that in Group 1, after 90 and 120 min of reperfusion
(p<C0.05). In Group 3, it was insignificantly lower than in
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Fig 2. Static Lung Compliance (Cst) during Reperfusion

Cst in every group decreased gradually. In groups 2 and 4,
it was significantly higher than that in group 1, after 90 and
120 min of reperfusion.
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Fig 3. Pulmonary Vascular Resistance (PVR) during Re-
perfusion

The PVR in group 4 was significantly lower than in group
1 throughout the reperfusion periods. The PVR in groups 2
and 3 were also lower than that in group 1.

Groups 2 and 4 after 30, 60, 90, and 120 min. The change in
pulmonary vascular resistance (PVR) for each group is
shown in Fig.3. The PVR in Group 4 was significantly
lower than in Group 1 throughout the reperfusion period
(after 0, 30, 60, 90, and 120 min; p<{0.01), and was
ingignificantly lower than that in Groups 2 and 3. The
PVR in Groups 2 and 3 was lower than that in Group 1
(Group 2 vs 1; after 0, 30, 90 and 120 min, p<{0.05; and
after 60 min, p<(0.01; Group 3 vs 1; p<0.05). The wet to
dry ratio (W/D) before perfusion (after preservation for
24 fours) in each group is shown in Fig.4. Before preserva-
tion (just after harvest), the W/D was 5.19+0.21. Before
perfusion in Group 1 (6.52£0.55) and Group 2 (6.05%
0.74), the W/Ds were significantly higher than that before
preservation (Group 1, p<0.01; Group 2, p<<0.05). The
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Fig 4. Wet to Dry Ratio before parfusion
The W/Ds in groups 1 and 2 were significantly higher than

that before preservation. The W/D in groups 3 and 4 did not

differ from that before preservation.
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Fig 5. Wet to Dry Ratio (Postperfusion)

The W/Ds in groups 3 and 4 were significantly lower than
that in group 1. There was no significant difference in W/D
between groups 3 and 4.

W/Ds of Group 3 (5.13%0.79) and Group 4 (5.08+0.31)
was significantly lower than in Group 1 (vs Group 3,
p<<0.01; vs Group 4, p<0.01) and Group 2 (vs Group 3,
p<0.05; vs Group 4, p<<0.01) and did not differ signifi-
cantly from that before preservation.

After reperfusion, the W/D in Group 3 (6.82+0.78) was
significantly (p<{0.01) lower than that in Group 1 (9.40
+2.09) and did not differ apparently from Group 2 (7.73
+1.42). After reperfusion the W/D in Group 4 was 7.04
11.22, and was obviously lower than in Group 1 (p<C0.05).
This W/D was insignificantly lower than in Group 2 and
did not differ apparently from that in Group 3.
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DISCUSSION

We reported previously that the University of Wisconsin
(UW) solution is useful for hypothermic canine lung
preservation in an isolated lung perfusion model?. The
purpose of the present study is to determine the efficacy of
HES, which is contained in the UW solution, and to
determine its optimum concentration and colloid osmotic
(oncotic) pressure in a lung preservation solution using the
same model.

The UW solution, which has been applied widely in
clinical kidney?, pancreas”®, and liver”® transplantation,
contains a number of important components. Lacto-
bionate is an impermeable anion with a large molecular
mass which can prevent cell swelling. Glutathione is
necessary for hypothermic preservation and reperfusion of
kidney and liver®™ because it preserves the ability of the
cells to regenerate ATP and maintain their membrane
integrity. Allopurinol is an inhibitor of xanthine oxidase
which has been used to reduce reperfusion injury in grafts
subjected to prolonged storage by diminishing free radical
generation .

Recently, it was reported that the use of the colloid HES
(hydroxyethyl starch) was questioned and it was proposed
that HES could be eliminated from the UW solution
without any detriment to cold storage of the kidney and
liver 13)—21).

It is hypothesized that the colloid osmotic pressure
(COP) exerted by HES prevents interstitial edema and
endothelial damage in lung preservation during cold
storage. The oncotic pressure exerted by the colloid pre-
vents leakage of fluid into the interstitial space by coun-
teracting the intravascular pressure. Another beneficial
effect of a colloid may be to protect endothelial structure
and prevent directly hypothermia induced cell swelling *.

HES (Hydroxyethyl starch) is derived from amylo-
pectin, a branched polysaccharide polymer substituted
with hydroxyethyl groups at carbons 2, 3, and 6 of the
glucose ring by reaction with ethylene oxide®. HES may
have a smaller effect on coagulation and carry a lower risk
of inducing an anaphylactic reaction than any other
synthetic colloids, such as dextran, and has been used
safely to expand volume™.

The movement of fluid across the endothelium is gov-
erned by "Starling’s equation:

Q=K [(Pc-Pi)-P(COPp-COPi)]
where Q is the net flow out of capillary, K is the filtration
coefficient, Pc and Pi are the hydrostatic pressures in the
capillary and interstitial space, respectively, COPp and
COPi are the corresponding colloid osmotic pressures, and
P is the reflection coefficient®, Some studies have shown
that the mean plasma colloid osmotic pressure (COPp) of
healthy volunteers varies from 19.1 to 27.8 mmHg™®, The
critical minimum COPp is 15-20mmHg, below which
pulmonary edema will occur®®. During ex vivo lung
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preservation, pulmonary edema will also occur, if the COP
in the alveolar capillary becomes lower than that in the
interstitial space.

Arita and associates reported that the Modified-Collins-
HES solution is a useful initial ”"wash-out solution” for
preserving the pancreas, liver or kidney'”. This solution
contains 6% HES, which creates a colloid osmotic pressure
of 23.9 mmHg. The COP of this solution nearly equals that
of normal plasma and prevents interstitial edema during
the preservation period. We believe that colloid isotonic or
colloid hypertonic (hyperoncotic) preservation solutions
are more effective for lung preservation because they
prevent pulmonary edema during the flushing and preser-
vation periods. This study was undertaken to determine
the efficacy of HES and to determine its optimum concen-
tration and colloid osmotic pressure in a lung preservation
solution.

In the present study, the W/D before perfusion (after
preservation for 24 hours) in Groups 1 and 2 were signifi-
cantly higher than that before preservation. During
preservation, pulmonary edema may have occured in
Groups 1 and 2. The COP of both solutions were thought to
be below the normal plasma colloid osmotic pressure. The
W/D before perfusion in Groups 3 and 4 were the same as
that before preservation. We feared that the lung weight
might be decreased as a result of hypovolemia during
preservation in the colloid hypertonic (hyperoncotic)
solution, but significant weight loss was not found in
Group 4. It is suggested that colloid isotonic and
hypertonic preservation solutions are advantageous
because they prevent pulmonary edema during the preser-
vation period.

MFP increases and flush time is prolonged as the HES
concentration rises. This may be a result of the increased
viscosity of the solution, which contains a high concentra-
tion of HES. In this study, the viscosity of each solution
correlated well with the concentration of HES (R=
0.9849). Oka and associates described a similar phenome-
non using the UW solution?, which contains 5% HES. High
pressures and long flush times are common problems
encountered with hyperoncotic solutions. However, the
peak flushing pressure in Group 4 was 7 to 8 mmHg and
was not high enough to damage the alveolar capillary
membrane or endothelium. Therefore, we do not regard as
serious the flushing pressure problem. Moreover, colloid
hypertonic (hyperoncotic) preservation solution may wash
out RBCs with less volume than do other solutions.
Adequate RBC washout during the initial cooling flush has
been suggested to be a determinant of preservation solu-
tion efficacy *.

In the present study, airway pressure was not elevated
and static lung compliance did not decrease in lungs stored
in a hyperoncotic preservation solution (Group 4). In
contrast, airway pressure was elevated and static lung
compliance decreased in lungs stored using HES-free
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solutions (Group 1). From the AWP and Cst parameters,
the solutions containing HES were thought to be useful
even though their optimum HES concentrations could not
be determined. Pulmonary vascular resistance was lowest
in Group 4 from just after the start of reperfusion. A
hyperoncotic solution may preserve the structure of the
intra-capillary space by keeping water in the vascular
compartment and, thereby, reduce pulmonary vascular
resistance during reperfusion. Dextran 40, the colloid
contained in low-potassium dextran (LPD) solution,
exerts potentially beneficial effect by coating endothelial
surfaces and platelets™. HES may have an effect similar
to dextran, in reducing vascular resistance despite there
being a high potassium level in the modified-Collins
solution. In human heart preservation, it is known that the
UW solution distributes uniformly throughout the
myocardium®. This uniformity of distribution may be
related to the property of HES that it keeps water in the
intravascular compartment and, thereby, improves the
microcirculation. With respect to pulmonary vascular
resistance, hyperoncotic solution was found to be the most
useful of the four experimental solutions.

In conclusion, the efficacy of the colloid, HES, was
demonstrated and the hyperoncotic solution was found to
be preferred for hypothermic canine lung preservation. The
colloid isotonic and hypertonic (hyperoncotic) solutions
prevented pulmonary edema for 24 hours during preserva-
tion and during the early stage of reperfusion. No signifi-
cant elevation of AWP or decrease of Cst was observed and
the lowest PVR was found in lungs preserved with
hyperoncotic solution.

Further study is necessary to determine the most opti-
mum HES concentration and colloid osmotic pressure for a
lung preservation solution, but the optimum concentration
and COP may differ in each organ and the species.

ACKNOWLEDGMENTS

The author would like to thank Prof. Dr. Masao
Tomita, The First Department of Surgery, Nagasaki
University School of Medicine for his advice and revision.
And also we appreciate the kindness of animal supply from
the Laboratory Animal Center for Biochemical Research
of Nagasaki University School of Medicine, and thank to
the members of Blood count Service and Dialysis Service of
Nagasaki University Hospital.

REFERENCES

1) Kawahara K, Ikari H, Hisano H, Takahashi T, Houjou S, Ayabe H,
and Tomita M: Twenty-four-hour canine lung preservation using UW
solution. Transplantation 51: 584-587, 1991.

2) Oka T, Puskas JD, Mayer E, Cardoso PFD, Shi S, Wisser W, Slutsky,
and Patterson GA: Low-potassium UW solution for lung preserva-

M. Muraoka: The Optimum Colloid Osmotic Pressure

tion. Transplantation 52: 984-988, 1991.

3) Hirt SW, Wahlers T, Jurmann MJ, Dammenhayn L, Kemnits J, Rohde
R, and Haverich A: University of Wisconsin Versus Modified Euro-
Collins Solution for Lung Preservation. Ann Thorac Surg 53: 4-9, 1992.

4) Aeba A, Keenan RJ, Hardesty RL, Yusem SA, Hamamoto [ and

Griffith BP: University of Wisconsin Solution for Pulmonary Preser-

vation in a Rat Transplant Model. Ann Thorac Surg 53: 240-6, 1992.

Miyoshi S, Shimokawa S, Schreinemakers H, Date H, Weder W, Harper

P, and Cooper JD: Comparison of the University of Wisconsin

preservation solution and other crystalloid perfusates in a 30-hour

rabbit lung preservation model. J Thorac Cardiovase Surg 103: 27-32,

1992.

6) Semik M, Moller I', Lange V, Berhard A, and Toomes H: Comparison
of Euro-Collins and UW-1 Sulution for Lung preservation Using the
Parabiotic Rat Perfusion Model Transplant Proc 22: 2235-2236, 1990.

7) Alessandro AMD, Kalayoglu M, Sollinger HW, Pirsch JI), Southard
JH, and Belzer FO: Current Status of organ Preservation With
University of Wisconsin Solution. Arch Pathol Lab Med 115, 1991.

8) Alessandro AMD, Stratta RJ, Sollinger HW, Kalayoglu M, Pirsch D,
and Belzer FO: Use of UW solution in Pancreas Transplantation.
DIABETES 38 (SUPPL.1), 1989.

9) Kalayoglu M, Stratta RJ, Hoffmann RM, Alessandro AMD, Pirsch
dD, and Belzer FO: Clinical Results in Liver Transplantation Using
UW Solution for Extended Preservation. Transplant Proc 21: pp1342-
1343, 1989.

10) Hoffman RM, Southard JH, Lutz MF, Mackety A, Belzer FO: 72hour
preservation of dog kidneys using a purely synthetic perfusate
containing hydroxyethyl starch. Arch Surg 118: 919-921, 1983.

11) Ar'Rajab A, Ahren B, Sundberg R, and Bengmark S: The function of
a colloid in liver cold-storage preservation. Transplantation 52: 34-38,
1991.

12) Arita S, Asano T, Kenmochi T, Emoto K, and Isono K: An initial
Wash-Out Solution for "in Situ Machine Wash-Out”. Transplant Proc
23: pp 2589-2591, 1991.

18) Marshall VC, Jabloski P, Biguzas M, Howden BO and Walls K:

Kidney Preservation With UW Solution: The Nature of the Imper-

meant. Transplant Proc 22: pp 2131-2132, 1990.

Schlumph R, Morel Ph, Loveras JJ, Condie RM, Matus A, Kurle J,

Fasoa CG, Najarian JS, and Southerland DER: Dextran 40 Success-

fully Replaces the Non-Essential Hydroxyethyl starch in the Univer-

sity of Wisconsin Solution for 72-Hour Simple Cold Storage of the

Canine Kidney. Transplant Proc 23: 657-659, 1991.

15) Jamieson NV, Lindell S, Sandberg R, Southerd JH, and Belzer FO: An
analysis of the components in UW solution using the isolated rabbit
liver. Transplantation 42: 512, 1988.

16) Sumimoto R, Jamieson NV, Wake K, and Kamada N: 24-hour rat
liver preservation using UW solution and some simplified variants.
Transplantation 48: 1-5, 1989.

17) Nobby J, Jacobsenl A, Pegg DE, Starklint H, Chemnitz J, and Diaper
MP: Preservation of rabbit kidneys using a solution contatining
hydrolyzed starch. Transplantation 52: 799-804, 1991.

18) Marshall VC, Biguzas M, Jablonski P, Tomas AC, Walls K, Howden
BO: Rat kidney preservation with UW solution. Transplant Proc 21:
3783, 1989.

19) Howden BO, Jablonski P, Thomas AC, Walls K, Biguzas M, and
Marshall VC: Rat liver preservation with UW solution. Transplant
Proc 21: 3797-3798, 1989.

20) Biguzas M, Jabloski P, Howden BO, Thomas AC, Walls K, Scott DF,
and Marshall VC: Evaluation of UW solution in rat kidney preserva-
tion. Transplantation 49: 1051-1055, 1990.

21) Urushihara T, Sumimoto R, Sumimoto K, Jamieson NV, Ito H, Ikeda
M, Fukuda Y, and Dohi: A comparison of some simplified lactobionate
preservation solution with standard UW solution and Euro-Collins
solution for pancreas preservation. Transplantation 53: 750-754, 1992,

22) Belzer FO, and Southard JH: Principles of Solid-Organ Preservation by
Cold Storage. Transplantation 45: 673-676, 1988.

23) Southard JH, Van Guilik TM, Ametani MS, Vregdenhil PK, Lindel
SL, Pienaar BL, Belzer FO: Important Components of the UW
Solution. Transplantation 49: 251-257, 1990.

24) London MJ, Ho JS, Triedman JK, Verrier ED, Levin J, Merrick SH,
Hanley FL, Browner WS, Mangano DT: A randomized clinical trial of
10 9% pentastarch (low molecular weight hydroxyethyl starch) versus
5 9% albumin for plasma volume expansion after cardiac operations. J

5

g

14

~



M. Muraoka: The Optimum Colloid Osmotic Pressure

Thorac Cardiovasc Surg 97: 785-797, 1989.

25) Boldt J, Zickmann B, Herold C, Ballesteros M, Dapper F, and
Hempelmann G: Influence of hypertonic volume replacement on the
microcirculation in cardiac surgery. British J Anesth 67: 595-602, 1991.

26) West JB: Pulmonary Pathophysiology -the essentials 4th Edition-
Baltimore, Williams & Wilkins p. 109, 1992,

27) Weil MH, Morissette M, Michaels S, Bisera J, Boycks E, Shubin H, and
Jacobson E: Routine plasma colloid osmotic pressure measurements.
Critical Care Medicine 2: 5, 1974.

28) Bock JC, Barker BC, Clinton AG, Wilson MB, and Lewis FR:
ost-traumatic changes in, and Effect of Colloid Osmotic Pressure on
the Distribution of Body Water. Ann Surg 210: 3, 1989.

29) Stein L, Beraud JJ, Morrissette M, Lutz PD, Weil MH, Shubin H:
Pulmonary edema during volume infusion. Circulation 52: 483-489,
1975.

99

30) Luz PL, Shubin H, Weil, MH, Jacobson E, Stein L: Pulmonary Edema
Related to Changes in Colloid Osmotic and Pulmonary Artery Wedge
Pressure in patients after Acute Myocardial Infarction. Circulation 51:
350-357, 1975.

31) Kerstein, Bergentz, Lewis: Clearance of red blood cells from the
cadaver kidney; a study of colloidal perfusing solutions. Ann Surg 171:
347-351, 1970.

32) Kashavjee SH, Yamazaki F, Yokomise H, Cardoso PF, Mullen JBM,
Slutsky AS, and Patterson GA: The role of dextran 40 and potassium
in extended hypothermic jung preservation for transplantation. J
Thorac Cardiovasc Surg 103: 2, 1992.

33) Jeevanandam V, Barr ML, Auteri JS, Sanchez JA, Ott GY, Schenkel
FA, Marboe C, Smith CR, and Rose EA: University of Wisconsin
Solution for Human Donor Heart Preservation. Initial Clinical
Experience. Ann Thorac Surg 50: 1213-16, 1991.



